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SV40 chromosomes undergoing encapsidation late in infection and SV40 chromatin in virions are hyperacetylated on histones H4 and
H3. However, the fate of the SV40 chromosomes containing hyperacetylated histones in a subsequent round of infection has not been
determined. In order to determine if SV40 chromosomes undergo changes in the extent of histone acetylation during early infection, we
have analyzed SV40 chromosomes isolated 30 min and 3 h postinfection by quantitative ChIP assays, depletion ChIP assays, competitive
ChIP assays, and ChIP assays combined with restriction endonuclease sensitivity using antibodies to hyperacetylated histones H4 and H3.
We have shown that at 30 min postinfection, the hyperacetylated histones are associated with two distinct classes of SV40 chromosomes.
One form is hyperacetylated specifically on histone H4 while a second form is hyperacetylated on both H4 and H3. Both forms of
chromosomes appear to contain a nucleosome-free promoter region. Over the course of the next few hours of infection, the class of SV40
chromosomes hyperacetylated on only H4 is reduced or completely eliminated through deacetylation.
D 2004 Elsevier Inc. All rights reserved.Keywords: Hyperacetylation; Histone; ChromosomeIntroduction
It has become increasingly clear that the modification of
chromatin structure plays a critical role in biological
processes in eukaryotic systems. Histones have been
shown to be modified in several different ways including
acetylation, phosphorylation, and methylation, and the
modification have been shown to impact processes as
diverse as transcription, gene silencing, DNA replication,
and DNA repair (Aalfs and Kingston, 2000; Jenuwein and
Allis, 2001; John and Workman, 1998; Roth et al., 2001;
Turner, 2000; Wallrath, 1998). In addition to playing a
direct role in a process like transcription, histone modifi-
cation is now thought to also function as a regulator or a
signal. Certain histone modifications have been shown to
affect other forms of modifications and the function of the0042-6822/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.virol.2003.11.010
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Turner, 2000; Turner et al., 1992).
For several years, it has been known that the histones in
the chromatin of the papovaviruses polyoma and SV40
undergo acetylation and that the levels of acetylation are
increased in the chromatin found in virions relative to
intracellular forms of chromatin (Chestier and Yaniv,
1979; Coca-Prados et al., 1980; LaBella and Vesco, 1980;
LaBella et al., 1979; Schaffhausen and Benjamin, 1976;
Vesco and Fantuzzi, 1982). Moreover, the hyperacetylation
of histones was shown to occur coordinately with the
packaging of SV40 chromosomes into virions and to result
from a change in the turnover of the acetylated histones.
While the rate of acetylation of histones in the virions was
similar to the rate in chromosomes, the rate of deacetylation
of the histones in virions was reduced relative to chromo-
somes (LaBella and Vesco, 1980; Vesco and Fantuzzi,
1982). These and similar observations led to the suggestion
that the hyperacetylation of SV40 chromatin in virions was
a consequence of steric hindrance to the deacetylases but not
the acetylases due to the formation of the virion capsid.
While these results indicate that the SV40 chromosomes
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infection would be likely to contain hyperacetylated histo-
nes, the relationship between hyperacetylated histones in
SV40 chromatin and the early stages of infection has not
been investigated.
We have recently begun investigating the events that
occur during the early stages of infection by SV40. Our
initial studies were focused on identifying the DNA
elements responsible for repositioning nucleosomes during
this period. We showed that at 30 min postinfection,
nucleosome positioning in the vicinity of our chromatin
reporter region was essentially random, but by 3 h postin-
fection, the AP-1 and SP1 binding sites were capable of
directing chromatin remodeling in this region as measured
by changes in the position of nucleosomes located adjacent
to the binding sites (Milavetz, 2002). Since chromatin
remodeling as judged by nucleosome repositioning oc-
curred between 30 min and 3 h postinfection, it seemed
reasonable to determine whether changes in the level of
histone acetylation in SV40 chromatin also occurred dur-
ing this period.Results
Analysis of SV40 chromosomes early in infection for the
presence of hyperacetylated histones H4 and H3
In order to determine whether SV40 chromosomes
contained hyperacetylated histones during the initial stages
of an infection, SV40 chromatin was isolated at 30 min andFig. 1. ChIP assays of formalin-fixed and unfixed SV40 chromosomes isolated 30
H4. Unfixed and formalin-fixed SV40 chromosomes were isolated from cells infec
and (D). SV40 chromatin was immunoprecipitated with antibody to tetra- and t
purified and amplified by competitive PCR using BM140 SV40 DNA as compe
electrophoresis. The position of the amplification product from the wild-type 776 v
lane 2: immunoprecipitation with 5 Al of antibody; lane 3: immunoprecipitation w3 h postinfection from formalin-fixed or unfixed cells
infected with wild-type SV40 virus strain 776. The forma-
lin-fixed and unfixed chromatin was then partially purified
by glycerol gradient sedimentation as previously described
to separate the SV40 chromosomes from virions and un-
coating intermediates (Milavetz, 2002). Aliquots of gradient
fractions that contained the SV40 chromosomes were
immunoprecipitated with antibodies to either tri- and tetraa-
cetylated histone H4 (Upstate) for hyperacetylated H4 or
diacetylated histone H3 (Upstate) for hyperacetylated his-
tone H3. The DNA present in each of the immunoprecipi-
tates and in appropriate controls was then purified in the
presence of an empirically determined standard amount of
competitor SV40 DNA. The purified mixed DNAs were
amplified by PCR using a set of primers that recognize
sequences present in both the DNA from the SV40 chro-
mosomes and the competitor DNA. The products amplified
from the DNA from the chromosomes and the competitor
DNA differed in size that allowed them to be easily resolved
by submerged agarose gel electrophoresis.
Typical examples of the products obtained by competi-
tive PCR amplification of immunoprecipitates from unfixed
and formalin-fixed SV40 chromosomes obtained at 30 min
and 3 h postinfection treated with antibody to hyperacety-
lated histone H4 are shown in Figs. 1A–D, while the
corresponding results with antibody to diacetylated histone
H3 are shown in Figs. 2A–D. Regardless of whether the
SV40 chromosomes were isolated at 30 min or 3 h postin-
fection with or without prior formalin fixation, PCR ampli-
fication products derived from the input chromatin were
obtained from aliquots of SV40 chromosomes treated withmin and 3 h postinfection with antibody to tetra- and triacetylated histone
ted with 776 wild-type virus for 30 min (A) and (C), respectively, or 3 h (B)
riacetylated histone H4. The DNA present in the immunoprecipitates was
titor. The amplification products were separated by submerged agarose gel
irus and the BM140 competitor DNA are indicated. Lane 1: input chromatin;
ith 10 Al of antibody; and lane 4: no antibody added.
Fig. 2. ChIP assays of formalin-fixed and unfixed SV40 chromosomes isolated 30 min and 3 h postinfection with antibody to diacetylated histone H3. Unfixed
and formalin-fixed SV40 chromosomes were isolated from cells infected with 776 wild-type virus for 30 min (A) and (C), respectively, or 3 h (B) and (D).
SV40 chromatin was immunoprecipitated with antibody to diacetylated histone H3. The DNA present in the immunoprecipitates was purified and amplified by
competitive PCR using BM140 SV40 DNA as competitor. The amplification products were separated by submerged agarose gel electrophoresis. The position
of the amplification product from the wild-type 776 virus and the BM140 competitor DNA are indicated. Lane 1: input chromatin; lane 2: immunoprecipitation
with 5 Al of antibody; lane 3: immunoprecipitation with 10 Al of antibody; and lane 4: no antibody added.
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aliquots in which no antibodies were added; compare lanes
2 and 3 to lane 4 in each section of Figs. 1 and 2.
Densitometric quantitation of the percentage of input chro-
matin immunoprecipitated by antibody to tri- and tetraace-
tylated histone H4 in the analysis shown in Fig. 1 indicated
that at 30 min postinfection, 8% of the chromatin was
immunoprecipitated from fixed chromosomes and 13%
was immunoprecipitated from unfixed chromosomes. At 3
h postinfection, the corresponding percentages of immuno-
precipitated chromosomes were 1% and 5%, respectively.
Doubling the amount of antibody used in the immunopre-
cipitations had no effect on the percentage of chromatin
immunoprecipitated in any of the samples. The corres-
ponding values for immunoprecipitation with antibody to
diacetylated histone H3 shown in Fig. 2 were 5% at 30 min
and 4% at 3 h for unfixed chromatin and 7% at 30 min and
4% at 3 h for fixed chromatin. Increasing the amount of
antibody to diacetylated histone H3 appeared to result in a
small increase in the amount of PCR products so that in
subsequent studies, 10 Al of antibody was used. The weak
bands found occasionally between the amplification prod-
ucts for the test and competitor DNA were an artifact
resulting from the use of certain preparations of nucleotides
in conjunction with the Vent polymerase. When AmpliTaq
Gold polymerase was used for amplifications, these bands
disappeared. In subsequent studies, we used AmpliTaq Gold
polymerase for amplifications.
Since in all of these studies, the input chromatin
consisted of intact fixed or unfixed SV40 chromosomes,
the values obtained by quantitation represent the percent-age of the input chromosomes that are immunoprecipitated
by a particular antibody. The assay is not designed to
distinguish between an SV40 chromosome that carries a
single nucleosome containing hyperacetylated histones
from a chromosome that carries many nucleosomes con-
taining hyperacetylated histones. Theoretically, both SV40
chromosomes would be immunoprecipitated as long as
there was sufficient amount of antibody present. Similarly,
the assay does not indicate where the hyperacetylated
histones might be located on the SV40 chromosome, only
that a chromosome contains hyperacetylated histones at
some site in its chromatin.
Demonstration of the specificity of immunoprecipitation for
acetylated histones H4 and H3 in the SV40 chromosomes
The presence of PCR products derived from the SV40
chromatin in the immunoprecipitation fractions in which
antibody was present and its absence when antibody was not
used suggests that the PCR products result from a small
fraction of SV40 chromatin that contains hyperacetylated
histones H4 and H3, and that the products are not a result of
nonspecific binding of chromatin to protein A agarose or to
nonspecific trapping of chromatin by the bound antibody. In
order to confirm that the observed immunoprecipitations
were specific for hyperacetylated histones H4 and H3
present in the SV40 chromosomes, SV40 chromosomes
were either immunoprecipitated with antibody to histone
H4 that had been preincubated with a peptide corresponding
to the amino terminus of tetraacetylated histone H4 or
antibody to diacetylated histone H3 that had been preincu-
Table 1
Comparison of the percentage of unfixed SV40 chromosomes isolated at 30
min and 3 h postinfection immunoprecipitated with antibodies to tetra- and
triacetylated histone H4 and diacetylated histone H3
30 min 3 h
Tetra- and triacetylated H4 (%) 11 F 4 4 F 1
Diacetylated H3 (%) 5 F 1 4 F 1
SV40 chromosomes from cells infected with wild-type 776 virus were
isolated at 30 min and 3 h postinfection and purified. Aliquots of the SV40
chromosomes were analyzed by ChIP assays using antibodies to hyper-
acetylated histones H4 and H3 as shown above and quantitated. The values
represent the average of at least seven separate analyses of at least three
separate preparations of SV40 chromosomes.
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diacetylated histone H3 (Upstate). As shown in Fig. 3A,
preincubation of antibody to histone H4 with a tetraacety-
lated peptide corresponding to the amino terminus of
acetylated histone H4 completely blocks the immunopre-
cipitation of SV40 chromosomes (compare lane 2 to lane 3).
A similar result was obtained when antibody to diacetylated
histone H3 was preincubated with a peptide corresponding
to the diacetylated amino terminus of histone H3 (Fig. 3B).
Confirmation of the decrease in the fraction of SV40
chromosomes containing hyperacetylated histone H4 during
the first 3 h of the infection
Taken together, these results indicated that a small
fraction of SV40 chromosomes early in infection contained
hyperacetylated histones H4 and H3 and that in hyper-
acetylated histone H4, this small fraction appeared to
decrease during the first 3 h of infection. In order to
determine if the fraction of SV40 chromosomes containing
hyperacetylated histone H4 actually decreases during early
infection, multiple samples were analyzed at each time
point for statistical significance (Table 1). Based upon aFig. 3. Demonstration of the specificity of ChIP assays of SV40
chromosomes with antibodies to tetra- and triacetylated histone H4 and
diacetylated histone H3 for their respective hyperacetylated epitopes.
Unfixed SV40 chromosomes were isolated from cells infected with 776
wild-type virus for 3 h. SV40 chromosomes were either immunoprecipi-
tated with antibody to tetra- and triacetylated histone H4 (A) or diacetylated
histone H3 (B) in the presence or absence of competitor peptide (Upstate)
containing the epitope recognized by the respective antibody. The
amplification products were separated by submerged agarose gel electro-
phoresis. The position of the amplification product from the wild-type 776
virus and the BM140 competitor DNA are indicated. Lane 1: input
chromatin; lane 2: immunoprecipitation with antibody; lane 3: immuno-
precipitation with antibody that had been preincubated with competitor
peptide; and lane 4: no antibody added.minimum of three separate SV40 chromatin preparations,
we observed that the percentage of unfixed SV40 chro-
mosomes isolated at 30 min postinfection that were immu-
noprecipitated with antibody to tetra- and triacetylated
histone H4 was 11 F 4%, while the percentage for
chromosomes isolated at 3 h postinfection was only 4 F
1%. This change was statistically significant. In contrast,
although there appeared to be a small decrease in the
percentage of chromosomes that were immunoprecipitated
with antibody to diacetylated histone H3, the change was
small going from 5 F 1% at 30 min postinfection to 4 F
1% at 3 h postinfection. This result was not statistically
significant but suggested that deacetylation of histone H3
was also occurring during the first 3 h of the infection. The
observation that a significantly larger percentage of SV40
chromosomes were recognized by antibody to hyperacety-
lated histone H4 than to H3 suggested that more than one
population of hyperacetylated SV40 chromosomes might
be present in cells at 30 min postinfection. One population
appeared to be uniquely hyperacetylated on histone H4
while a second population appeared to be hyperacetylated
on either only H3 or on H4 and H3.
Demonstration of two distinct forms of SV40 chromatin
containing hyperacetylated histones H4 and H3 at 30 min
postinfection
In order to confirm that a population of SV40 chromo-
somes hyperacetylated on only H4 was responsible for the
increase in the percentage of input SV40 chromatin immu-
noprecipitated with antibody to hyperacetylated H4 com-
pared to hyperacetylated H3, SV40 chromosomes were
subjected to an exhaustive ChIP depletion analysis. If
hyperacetylated histone H4 and H3 were only present in
the same SV40 chromosomes, one would expect that when
the pool of SV40 chromosomes was depleted for the
population carrying a particular form of hyperacetylated
histone, the population carrying the other form of hyper-
acetylated histone would also be depleted. In this case,
subsequent ChIP analysis with the other antibody would
not yield a product. In contrast, if the two forms of hyper-
acetylated histones resided on different populations of SV40
chromosomes, depletion of the pool of chromosomes with
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affect the chromosomes containing the other form of hyper-
acetylated histone. ChIP analysis with antibody to the other
form of hyperacetylated histone would still yield a product.
Based upon preliminary studies, it was clear that a single
ChIP step was not sufficient to deplete the SV40 chromo-
somes carrying a particular epitope in a pool of chromatin.
While the amount of product immunoprecipitated following
sequential steps of ChIP analysis was progressively smaller
with each step of the analysis, we found empirically that it
was necessary to subject the pool of SV40 chromatin to at
least four steps of immunoprecipitation to remove all or
most of the SV40 chromosomes recognized by the anti-
bodies to hyperacetylated histones H4 and H3 being used.
As shown in Fig. 4A, depletion of SV40 chromosomes
with antibody to hyperacetylated H4 also appears to
remove most if not all of the chromosomes carrying
hyperacetylated H3. Significant amounts of product was
observed following the first step of the ChIP analysis (lane
1) but little if any product observed after the fourth or fifth
immunoprecipitation step with antibody to hyperacetylatedFig. 4. ChIP depletion analysis of SV40 chromatin isolated 30 min
postinfection. Unfixed SV40 chromosomes were isolated from cells
infected with 776 wild-type virus for 30 min. SV40 chromosomes were
either exhaustively immunoprecipitated with antibody to tetra- and
triacetylated histone H4 (A) or diacetylated histone H3 (B), and the
SV40 chromosome mixture depleted for chromatin recognized by this
antibody immunoprecipitated with a second antibody. The amplification
products were separated by submerged agarose gel electrophoresis. The
position of the amplification product from the wild-type 776 virus is
indicated. Lane 1: first immunoprecipitation; lane 2: fourth immunopreci-
pitation; lane 3: fifth immunoprecipitation with the same antibody; and lane
4: immunoprecipitation of depleted chromatin with a second antibody.H4 (lanes 2 and 3, respectively) or immunoprecipitation of
the depleted pool of chromosomes with antibody to hyper-
acetylated H3 (lane 4).
In contrast, depletion of the pool of SV40 chromosomes
with antibody to hyperacetylated H3 did not result in the
removal of all the chromosomes carrying hyperacetylated
H4 as well (Fig. 4B). A small amount of product was
obtained after the first step of the immunoprecipitation
with antibody to hyperacetylated H3 (lane 1), no product
at the fourth step (lane 2), a little product again after the
fifth step (lane 3), and a large amount of product following
immunoprecipitation with antibody to hyperacetylated H4
of the pool of chromosomes depleted for chromatin con-
taining hyperacetylated H3.
These results indicate that there are two forms of hyper-
acetylated SV40 chromosomes present in infected cells at
30 min postinfection. One form appears to be uniquely
hyperacetylated on histone H4 and the second form appears
to be hyperacetylated on both histones H4 and H3.
Competitive chromatin immunoprecipitation of
chromosomes at 30 min and 3 h postinfection
The decrease in the percentage of SV40 chromosomes
that contain hyperacetylated H4 and H3 was confirmed using
a competitive chromatin immunoprecipitation (CoChIP)
assay. The CoChIP assay is based upon the idea that for
any given preparation of input SV40 chromosomes, the
percentage of chromosomes immunoprecipitated by anti-
body to a particular form of modified histone as measured
by PCR amplification is directly proportional to the number
of chromosomes in the preparation that contain the modified
form of histone. If a mixture of two forms of chromosomes
that can be distinguished by PCR amplification is immuno-
precipitated, the ratio of the PCR amplification products
obtained from the two forms of chromosomes in the immu-
noprecipitate will be directly proportional to the relative
abundance of the target chromosomes in the immunoprecip-
itate. By comparing the ratio of the PCR products obtained
from the input chromatin to the ratio obtained from the
immunoprecipitate, the relative abundance of the antibody
target in each form of SV40 chromosome can be determined.
If each of the two forms of SV40 chromosomes contain a
similar subpopulation of chromosomes recognized by the
antibody, the ratio of PCR products in the immunoprecipi-
tated chromatin should be similar to the ratio in the input
chromatin. In contrast, if one of the two forms of chromo-
somes contains a significantly larger subpopulation of chro-
mosomes recognized by the antibody, those chromosomes
should be preferentially immunoprecipitated and the ratio of
products following PCR amplification should show an
increase in the product from that form of chromosome.
In order to determine whether the percentage of wild-
type 776 chromosomes containing hyperacetylated histone
H4 or histone H3 was decreasing between 30 min and 3
h postinfection using the CoChIP assay, wild-type 776
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chromosomes obtained at 3 h postinfection from an infec-
tion with the chromatin reporter virus RH43 and the
mixtures immunoprecipitated. RH43 contains a binding site
for the transcriptional factor SP1 adjacent to a chromatin
reporter region in a modified SV40 virus that lacks a copy of
the enhancer and the early intron (Hermansen et al., 1996;
Milavetz, 2002). RH43 and 776 viral DNA can be distin-
guished by the size of the products generated by PCR
amplification of the sequences located in the region where
the SP1 binding site has been introduced. The amount of
RH43 chromatin mixed with the 776 chromatin isolated
either 30 min postinfection or 3 h postinfection was adjusted
to give a final ratio of PCR products in both mixtures of
approximately 60-RH43/40-776. The results of this analysis
are shown in Fig. 5.
Comparing the ratio of RH43 to 776 PCR products
obtained from a starting mixture containing 776 chromo-
somes isolated 3 h postinfection (Fig. 5B, lane 1) to the
ratios obtained from the immunoprecipitates with antibody
to hyperacetylated H4 (Fig. 5B, lane 2) and H3 (Fig. 5B,
lane 3), we observed that the ratios were relatively similar.Fig. 5. Competitive ChIP assays of wild-type and RH43 SV40 chromo-
somes. Unfixed SV40 chromosomes were isolated from cells infected with
776 wild-type virus 30 min and 3 h postinfection and from the reporter
construct RH43 3 h postinfection. Mixtures of SV40 chromosomes were
prepared to contain RH43 chromosomes and 776 chromosomes from the 30
min (A) and 3 h (B) time point in the approximate ration of 3:2 each and the
mixtures subjected to ChIP assays using antibodies to tetra- and triacetylated
histone H4 (5 Al) and diacetylated histone H3 (10 Al). The DNAs present in
the immunoprecipitated chromatin were purified, amplified by PCR, and the
amplification products separated by submerged agarose gel electrophoresis.
The positions of the wild-type 776 and RH43 amplification products are
indicated. Lane 1: input chromatin; lane 2, immunoprecipitation with
antibody to tetra- and triacetylated histone H4 (5 Al); lane 3, immunopre-
cipitation with antibody to diacetylated histone H3 (10 Al); lane 4, no
antibody added.The ratio for the input chromosomes was 60:40, the ratio for
the products obtained by immunoprecipitation with anti-
body to hyperacetylated H4 was 48:52, and the ratio for the
products obtained by immunoprecipitation with antibody to
hyperacetylated H3 was 62:38. The small change in the ratio
for the immunoprecipitate with antibody to hyperacetylated
H4 suggests that at 3 h postinfection, there is a smaller
subpopulation of chromosomes that is hyperacetylated on
histone H4 in RH43 chromatin than in 776 chromatin. If the
percentage of hyperacetylated 776 SV40 chromosomes at 3
h postinfection has decreased from the percentage present at
30 min postinfection, one would expect that the ratio of
PCR products in the immunoprecipitate would change
significantly. There would be a large increase in the amount
of PCR product derived from the 776 chromosomes and a
corresponding decrease in the amount of PCR product
derived from the RH43 chromosomes. As shown in Fig.
5A, this is what was observed. Again, the ratio of RH43 to
776 from the starting mixture was 64:36 (lane 1) while the
ratio changed to 13:87 in the immunoprecipitate with
antibody to hyperacetylated H4 (lane 2) and 33:67 in the
immunoprecipitate with antibody to hyperacetylated H3
(lane 3). No products were observed in the absence of
added antibody (lane 4) in either analysis. These results
confirm the observation that the percentage of chromosomes
from a wild-type infection that contains hyperacetylated
histones H4 and H3 decreases in the first 3 h of infection.
As expected, the greatest decrease was observed in the
fraction of chromosomes containing hyperacetylated H4.
Analysis of SV40 chromatin containing hyperacetylated
histones H4 and H3 for specific nucleosome phasing within
the promoter region
Since chromatin containing acetylated histones is often
functionally active, the SV40 chromosomes containing
hyperacetylated histone H4 or H3 were analyzed for the
presence of a nucleosome-free promoter region that is also
characteristic of functionally active chromatin. The presence
of a nucleosome-free promoter region can be easily moni-
tored by measuring the sensitivity of the target chromosome
to digestion by a restriction endonuclease that recognizes a
sequence found in the region of interest. Since most restric-
tion endonucleases require naked DNA for binding and
cleavage, the presence of a nucleosome or bound protein
at the target site in the DNA acts to block digestion by the
enzyme. By digesting chromatin with an appropriate restric-
tion endonuclease, one can either determine the extent to
which the region surrounding the target site is nucleosome-
free (Milavetz, 2002) or actually prepare chromatin for
subsequent ChIP analysis whose nucleosome phasing can
be determined relative to the target site. Because of the small
amount of chromatin present in samples, competitive PCR
was used for quantitation (Milavetz, 2002).
Before determining whether SV40 chromosomes con-
taining a nucleosome-free promoter region were also hyper-
Table 2
Comparison of the percentage of unfixed SV40 chromosomes isolated at 30
min and 3 h postinfection cleaved by BglI, KpnI, or NgoMIV
Nuclease sensitivity
BglI KpnI NgoMIV
30 min postinfection 47 F 10 51 F 5 49 F 10
3 h postinfection 70 F 10 66 F 9 60 F 9
SV40 chromosomes from cells infected with wild-type 776 virus were
isolated at 30 min and 3 h postinfection and purified. Aliquots of the SV40
chromosomes were analyzed by restriction endonuclease digestion with
BglI, KpnI, or NgoMIV, amplified by PCR, and amplification products
quantitated as described previously (Milavetz, 2002). The values represent
the average of at least seven separate analyses of at least three separate
preparations of SV40 chromosomes.
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chromosomes early in infection were heterogeneous with
respect to nucleosome phasing within the promoter. This
was determined by measuring the sensitivity of SV40
chromosomes isolated at 30 min and 3 h postinfection to
digestion with the restriction endonucleases BglI, KpnI, and
NgoMIV that recognize sequences found within the SV40
promoter region. As shown in Table 2, we observed that
approximately 50% of the SV40 chromosomes isolated at
30 min postinfection were cleaved by the enzymes that
recognize sequences found in the promoter although ap-
proximately 65% of the chromosomes isolated at 3 h post-
infection were cleaved by the same enzymes. These results
indicate that at both times, SV40 chromosomes are hetero-
geneous with respect to nucleosome phasing within the
promoter. In addition, based upon prior investigations
(Milavetz, 1986), the results suggest that about 15% of the
SV40 chromosomes isolated at 30 min postinfection and
about 30% of the chromosomes isolated at 3 h postinfection
contain a nucleosome-free promoter region. While the
sensitivity at 30 min postinfection is somewhat higher thanFig. 6. Analysis of SV40 chromatin containing hyperacetylated histones H4 and H3
SV40 chromosomes were isolated from cells infected with 776 wild-type virus fo
immunoprecipitated with antibody to tetra- and triacetylated histone H4 (lanes 1
immunoprecipitates was purified and amplified by competitive PCR using BM140
1 and 3) were used to measure the nuclease sensitivity, although primers to th
immunoprecipitated DNA present in the samples. Amplification of a similar mixtu
and promoter (lane 6) is also shown. The amplification products were separated b
products from the wild-type 776 virus and the BM140 competitor DNA with eacexpected, the increased sensitivity seen at 3 h postinfection
is consistent with the activation of early transcription.
Since the SV40 chromosomes isolated at 30 min postin-
fection were heterogeneous with respect to nucleosome
phasing within the promoter region, we next determined
whether the chromosomes that contain hyperacetylated
histones were specifically associated with a particular form
of nucleosome phasing. SV40 chromosomes were digested
with a restriction endonuclease that recognized a site within
the promoter region and then subjected to a ChIP analysis
with antibody to either hyperacetylated histone H4 or H3. A
typical example of this type of analysis is shown in Fig. 6.
SV40 chromosomes were first digested with BglI before
immunoprecipitation. The DNA from the digested SV40
chromosomes (776) was then prepared for PCR along with
competitor DNA (BM140) and amplified with either pri-
mers that recognize the promoter region (lanes 1 and 3) or
an undigested region of the chromosomes (lanes 2 and 4). A
mixture of undigested DNA in approximately the same ratio
was also amplified with the same sets of primers (lanes 5
and 6) as a control. As shown in Fig. 6, PCR products were
obtained using primers that recognize the undigested region
of the SV40 chromosomes and competitor DNA (lanes 2
and 4), but not from the SV40 chromosomes when ampli-
fied with primers to the promoter following immunoprecip-
itation with either antibody to hyperacetylated histones H4
(lanes 1 and 2) or H3 (lanes 3 and 4). In contrast,
amplification of a mixture of undigested DNAs gave prod-
ucts with both sets of primers. Since no PCR products were
obtained from digested chromatin with primers to the
promoter region, the hyperacetylated histones targeted by
the antibodies used must have been associated with a
specific subclass of SV40 chromosomes whose nucleosome
phasing within the promoter allowed the chromosomes to be
cleaved during the restriction endonuclease digestion. Sim-for restriction endonuclease sensitivity within the promoter region. Unfixed
r 30 min. The chromosomes were digested with BglI for 30 min and then
and 2) or diacetylated histone H3 (lanes 3 and 4). The DNA present in the
SV40 DNA as competitor. Primers that recognize the promoter region (lanes
e reporter region (lanes 2 and 4) were used to determine the amount of
re of undigested 776 and BM140 DNAs with primers to the reporter (lane 5)
y submerged agarose gel electrophoresis. The position of the amplification
h set of primers are indicated.
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were first digested with NgoMIV or the chromosomes were
first immunoprecipitated and subsequently digested with
restriction endonucleases (data not shown).Discussion
While the presence of hyperacetylated histone H4 and
histone H3 in newly uncoated SV40 chromosomes 30 min
postinfection was consistent with previous studies, the
observation that the hyperacetylated histones were present
on distinct populations of SV40 chromosomes, one con-
taining only hyperacetylated H4 and the other hyperacety-
lated H4 and H3, was unexpected. Previous studies have
shown that the histones in SV40 chromatin present in
previrions and virions late in infection are hyperacetylated
on histones H4 and H3 (LaBella and Vesco, 1980; LaBella
et al., 1979; Schaffhausen and Benjamin, 1976), and one
would expect that the SV40 chromosomes generated from
these virions by uncoating would possess a chromatin
structure that at least initially resembles the chromatin
structure of the SV40 chromatin originally present in the
virion. The presence of two distinct populations of hyper-
acetylated SV40 chromosomes suggests that the popula-
tions are derived from chromosomes whose initial function
in the infected cell differed.
It has been known for some time that at late times in
infection, SV40 chromosomes are functionally heteroge-
neous consisting of replicating, early transcribing, and late
transcribing chromosomes. Assuming a promiscuous encap-
sidation process, any one or all of these forms of chromo-
somes could end up in virions while retaining aspects of
their original chromatin structure such as histone acetylation
pattern. Because acetylation of only H4 is associated with
replication (Jasenchakova et al., 2000) while acetylation of
H4 and H3 is associated with transcription (Pazin and
Kadonaga, 1997; Turner, 1991; Turner and O’Neill, 1995;
Wade et al., 1997; Wolffe and Pruss, 1996), it seems
reasonable to suggest that the SV40 chromosomes contain-
ing hyperacetylated H4 were originally derived from newly
replicated chromatin, and the chromosomes containing
hyperacetylated H4 and H3 were derived from transcribing
chromatin. In support of this conclusion is the observation
that newly replicated SV40 chromosomes are efficiently
encapsidated (Milavetz, 1986).
Also consistent with this conclusion was the observation
that both populations of hyperacetylated SV40 chromo-
somes possessed nucleosome-free promoter regions, a char-
acteristic of functionally active chromatin. We have
previously shown that at late times in infection, there are
at least three main forms of SV40 chromosomes present
based upon the phasing of nucleosome relative to the SV40
regulatory region. We have identified SV40 chromosomes
containing a large nucleosome-free region, chromosomes
containing a small nucleosome-free region, and chromo-somes in which nucleosome are present throughout the
regulatory region (Kube and Milavetz, 1996, 1989). We
have also shown that at late times in infection and early
times in infection, phasing of nucleosome is determined by
the action of specific DNA phasing sequences (Friez et al.,
1999; Hermansen et al., 1996; Milavetz, 2002). The SV40
chromosomes that contain hyperacetylated histones also
appear to retain specific nucleosome phasing within the
promoter region suggesting that they may be imprinted for
subsequent function.
Hyperacetylation of histones in the chromatin of virions
in SV40 is thought to be a consequence of the encapsidation
process (Vesco and Fantuzzi, 1982). The proposed model
suggests that during encapsidation, histone acetylation
occurs freely although histone deacetylation is blocked by
the partial formation of the virion resulting in an overall
increase in the level of histone acetylation. While this model
may be true in general, the results presented here suggest
that the process may be more complex.
In particular, the presence of two distinct forms of SV40
chromosomes containing hyperacetylated histones is not
consistent with a completely random process. If hyper-
acetylation of H4 and H3 were more or less random, one
would expect that all of the chromosomes would contain
approximately similar levels of both of the hyperacetylated
histones. Instead, we have found that a significant popula-
tion of the chromosomes is only hyperacetylated on H4.
More likely, the overall hyperacetylation observed in chro-
matin present in virions represents the continual acetylation
or inhibition of deacetylation of encapsidating SV40 chro-
mosomes whose specific acetylation pattern has been set by
other events such as replication or transcription.
The fact that the nucleosome-free promoter region is
retained in the uncoated SV40 chromosomes would argue
against a role for hyperacetylation of the chromatin as a
mechanism to allow for rearrangement of nucleosome
positioning of the SV40 chromatin present in the virion.
SV40 chromatin derived from virions is not typically found
to be restriction endonuclease hypersensitive and is not
thought to contain a nucleosome-free promoter region
(Hartmann and Scott, 1981, 1983; Kondoleon et al., 1983;
Milavetz, 1986). Because of the low levels of nuclease
sensitivity in virion-derived SV40 chromatin, it was previ-
ously thought that nucleosome rearrangement might occur.
Our results suggest that this is not the case and that some
specific populations of SV40 chromosomes may retain a
nucleosome-free promoter region through the encapsidation
process and subsequent uncoating.
During the first 3 h of infection, we observed a reduction
of approximately 7% in the percentage of SV40 chromo-
somes that were hyperacetylated on histone H4. Presum-
ably, this is a consequence of disruption of the virion and the
subsequent accessibility of the hyperacetylated histone H4
in these chromosomes to deacetylating enzymes.
In contrast, we observed little change in the percentage of
SV40 chromosomes that were hyperacetylated on histones
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amount of SV40 chromatin that is hyperacetylated at 3
h postinfection is either associated with the chromatin
remodeling process or associated with SV40 chromosomes
that are initiating transcription. Both the SP1 and AP-1
elements that we have shown to direct nucleosome reposi-
tioning during the first hours of infection (Milavetz, 2002)
are known to associate or co-localize with histone acetylases
(Andrew et al., 1995; Arias et al., 1994; Bai and Merchant,
2000; Doetzlhofer et al., 1999; Krumm et al., 1998; Naar et
al., 1998; Sowa et al., 1999a, 1999b; Suzuki et al., 2000;
Xiao et al., 1987a, 1987b). Similarly, there is extensive
evidence associating the initiation of transcription of quies-
cent genes with histone acetylation (Pazin and Kadonaga,
1997; Turner, 1991; Turner and O’Neill, 1995; Wade et al.,
1997; Wolffe and Pruss, 1996).
Changes in histone acetylation during the first hours of
infection could play an important role in contributing to
the SV40 life cycle. For example, newly uncoated SV40
chromosomes might be more easily remodeled by binding
factors if their chromatin is hyperacetylated before bind-
ing of the factors as we have previously suggested
(Milavetz, 2002). Hyperacetylation of the histones in the
incoming chromatin might also function to circumvent a
potential cellular defense mechanism based on histone
methylation. Although there is at present no evidence that
viral chromatin is selectively methylated by cellular
enzymes to silence the incoming chromatin and prevent
the expression of the viral genes, such a mechanism could
serve as a powerful cellular defense to infection by
viruses that contain their genomes organized into chro-
matin. Hyperacetylation of chromatin is known to block
methylation of histone H3 that is associated with gene
silencing (Robertson, 2002) and could function to inacti-
vate any potential effects of histone methylation. Finally
programmed changes in histone acetylation might be
required for the generation of SV40 chromosomes whose
chromatin structure is optimized for early transcription or
replication. In this context, it is interesting to speculate on
the significance of distinct forms of SV40 chromosomes
possessing different acetylated histones. SV40 chromo-
somes containing hyperacetylated histones H4 or H4 and
H3 may be specifically required for the generation of a
particular functional form of SV40 chromosome early in
the infection.Materials and methods
Cells and viruses
The BSC-1 strain of monkey kidney cells (ATCC) was
used for the preparation of SV40 virus, DNA, and chroma-
tin. The 776 wild-type strain of SV40 was a gift from Dr.
Daniel Nathans. Competitor DNA and chromatin were
derived from recombinant SV40 viruses, BM140-15 andRH43, which we have prepared to investigate the mecha-
nism of nucleosome phasing and have been extensively
described (Friez et al., 1999; Hermansen et al., 1996;
Milavetz, 2002).
Cell culture and infections
BSC-1 cells were maintained at 37 jC in closed 75 cm2
T-Flasks containing minimal essential medium with 10%
fetal calf serum, gentamycin, and sodium bicarbonate
(GIBCO). Cells were passaged upon reaching confluency
(Hermansen et al., 1996) as previously described. Imme-
diately before infection, all but 9 ml of medium was
removed from each T-Flask. One milliliter of 776 virus
was added to each flask (approximate moi of 10 pfu/cell)
and the virus incubated with the cells at 37 jC in an
incubator for 30 min to allow the virus to adsorb onto the
cells. After the 30-min incubation, cells were either har-
vested for SV40 chromatin, as described below, or the
medium was removed and the cells washed twice with 30
ml of culture medium lacking fetal calf serum and genta-
mycin. Finally, 10 ml of culture medium lacking fetal calf
serum and gentamycin was added to the cells, and the
flasks were incubated at 37 jC in an incubator for 2.5
h more until the SV40 chromatin was harvested. SV40
chromatin was fixed with formalin by adding 0.275 ml of
37% formalin to the cells and incubating the cells with the
formalin for 10 min at 37 jC in an incubator. The
formalin-fixed SV40 chromatin was isolated and prepared
the same as the unfixed chromatin described below.
Preparation of SV40 chromatin
SV40 chromosomes were isolated from appropriately
infected cells and purified by glycerol gradient centrifuga-
tion as previously described (Friez et al., 1999; Hermansen
et al., 1996). The step gradient was collected as 100-
Al fractions from the top of the gradient to the bottom.
Fractions number 6 through 10 that contain the SV40
chromosomes based upon prior work (Friez et al., 1999;
Hermansen et al., 1996; Milavetz, 2002) were combined for
subsequent analyses.
Chromatin immunoprecipitations
Formalin-fixed or unfixed SV40 chromosomes were
immunoprecipitated with antibody to tri- and tetraacetylated
histone H4 or diacetylated histone H3 using the reagents and
the protocol supplied by Upstate with minor modifications.
Pooled SV40 chromosomes, 50 Al, were diluted with 950
Al of ChiP dilution buffer in a 1.4-ml Eppendorf tube and
incubated with 40 Al of salmon sperm DNA/protein A
agarose for 30 min at 4 jC with rotation to remove any
chromatin that might nonspecifically bind to the protein A
agarose. The samples were centrifuged briefly to pellet the
agarose, and the supernatant was decanted into a fresh
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mixture incubated with continuous rotation overnight at 4
jC. Salmon sperm DNA/protein A agarose was added to
each tube (60 Al to tubes containing 5 Al of antibody or 100
Al to tubes containing 10 Al of antibody) and the tubes
incubated for 1 h at 4 jC with continuous rotation. The
immune complexes bound to the protein A agarose were
collected by a 1-min spin at 3000 rpm in an Eppendorf
microcentrifuge and the supernatant discarded. Each tube
containing immune complexes bound to protein A agarose
was sequentially washed with low salt, high salt, lithium
chloride, and two washes with Tris–EDTA (TE) buffer all
supplied by Upstate according to their protocol. Following
resuspension of the protein A agarose with TE buffer for the
second wash with the buffer, the suspension was transferred
to a clean Eppendorf tube. Immune complexes were eluted
from the protein A agarose by a 15-min incubation in 100
Al of lysing buffer (0.6% SDS, 2 mm EDTA, pH 8.0) at
room temperature followed by a second 15-min incubation
in 100 Al of lysing buffer at 37 jC. The two solutions
containing eluted immune complexes were combined for
subsequent PCR analysis.
Demonstration of antibody specificity for acetylated epitopes
Antibody to tri- and tetraacetylated histone H4, 5 Al, or
diacetylated histone H3, 10 Al, was incubated with 10 Ag of
histone H4 (Tetra AC Lys) peptide (Upstate Catalog #12-
353) or 10 Ag of histone H3 (AC Lys9 and 14) peptide
(Upstate Catalog #12-360), respectively, in 200 Al of ChIP
buffer (Upstate) for 2 h at 4 jC with continuous rotation.
The mixture was then added to unfixed SV40 chromosomes
(50 Al) obtained 3 h postinfection that had been diluted with
750 Al of ChIP buffer (Upstate) and precleared with 40 Al of
protein A agarose as described above. The mixture of
antibody, chromatin, and peptide was then incubated over-
night at 4 jC with continuous rotation and the immune
complexes isolated and purified as described above.
Depletion analyses
SV40 chromosomes containing a particular form of
hyperacetylated histone were depleted from mixtures of
chromatin in glycerol gradient fractions before ChIP anal-
ysis with other antibodies as described above with the
following modifications. In order to limit the amount of
serum proteins other than antibody added to the SV40
chromosomes during the repetitive ChIP assays, antibody
was bound to protein A agarose before its addition to the
SV40 chromatin. Antibody was bound to protein A agarose
by incubating with rotation 5–10 Al of antibody in 800
Al ChIP dilution buffer with 150-Al protein A agarose
suspension for approximately 4 h at 4 jC. The antibody/
protein A agarose was collected by a 1-min spin at 3000
rpm in an Eppendorf microcentrifuge and the supernatant
discarded. Following initial binding, the antibody/protein Aagarose was washed twice by incubating for 5–10 min with
rotation with 900 Al of fresh ChIP dilution buffer and
collecting the antibody/protein A agarose as above. In
preliminary studies, we determined that essentially all of
the IgG fraction originally present in the serum was bound
by this treatment.
In the first step of the depletion analyses, the antibody/
protein A agarose was resuspended in 50 Al of ChIP dilution
buffer, added to a mixture of 100 Al of pooled SV40
chromosomes and 800 Al of ChIP dilution buffer and
incubated overnight. The immune complexes bound to
protein A agarose were separated from unbound chromatin
by centrifugation at 3000 rpm as above. The supernatant
was either used immediately for a subsequent step of
depletion or was frozen at 20 jC until use. The immune
complexes bound to protein A agarose were washed and
prepared for PCR analysis as described above. In each
subsequent step of the depletion analysis, the supernatant
from the previous step was incubated with fresh antibody/
protein A agarose prepared as described above. In prelim-
inary studies, we found that it was necessary to subject the
chromatin to four steps of depletion to remove most if not
all of the chromatin containing the epitope recognized by
the antibody. After four steps of depletion, the supernatant
was divided into two aliquots. Each aliquot was diluted with
500 Al of ChIP dilution buffer and incubated with either
antibody/protein A agarose prepared with antibody to the
original epitope (as a control) or antibody to a second test
epitope. The immune complexes were isolated and prepared
for PCR as described above.
Competitive chromatin immunoprecipitation
Competitive chromatin immunoprecipitation (CoChIP)
was performed as above with the following modifications.
Before performing the immunoprecipitations, the optimal
ratio of the mixture of input SV40 chromatin was deter-
mined empirically. Various input ratios were prepared from
776 test chromosomes and RH43 competitor chromosomes
and the SV40 DNA present purified and amplified by PCR
as described below. The ratio of the two input chromo-
somes that yielded PCR products in the ratio of approx-
imately 3/2 was then chosen as the starting mixture of
chromosomes for the immunoprecipitations. This ratio was
occasionally subsequently modified depending upon the
actual results of the ChIP assay so that the maximal
change in ratio could be seen during the assay to increase
the accuracy of the procedure.
Restriction endonuclease digestion of SV40 chromatin
For the analysis of restriction endonuclease sensitivity
within the promoter region, SV40 chromatin was treated
essentially as previously described (Milavetz, 2002). SV40
chromosomes (106 Al) were adjusted to reaction conditions
with 1/10 volume of buffer A [100 mM Tris–HCL (pH
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bovine serum albumin per milliliter] mixed, and divided
into four aliquots. One aliquot received no restriction
endonuclease although the others received either 3 Al of
BglI, KpnI, or NgoMIV (10000 units per milliliter for each
enzyme). The samples were incubated at 37 jC for 30 min
and stopped by the addition of 175 Al of lysing solution
(0.6% sodium dodecyl sulfate and 2 mM EDTA). Samples
were prepared for competitive PCR by mixing 50 Al from
each stopped reaction with 150 Al of lysing solution
containing an empirically determined amount of competitor
DNA that yielded a ratio of approximately 75/25 test DNA
PCR products to control DNA PCR products from the
undigested sample following PCR amplification. The sam-
ples were purified and amplified as previously described
(Milavetz, 2002).
SV40 chromatin containing hyperacetylated histone H4
and H3 was analyzed for restriction endonuclease hyper-
sensitivity within the promoter region in two ways. In the
first approach, the SV40 chromatin was digested with an
appropriate restriction endonuclease and then subjected to
a ChIP analysis. In the second approach, SV40 chromatin
was first bound with antibody to protein A agarose and
then the bound chromatin subjected to restriction endonu-
clease digestion.
In the first approach, 440 Al of pooled glycerol gradient
fractions containing SV40 chromosomes was adjusted to
reaction conditions with 66 Al buffer A as above and
incubated with 20 Al of either BglI or NgoMIV for 30 min
at 37 jC. The digested chromatin was divided into four
aliquots for subsequent ChIP analysis. Aliquot 1 was frozen
while aliquot 2 to 4 received either 5 Al of antibody to
hyperacetylated histone H4, 10 Al of antibody to hyper-
acetylated histone H3, or no antibody, respectively. The
immunoprecipitates were prepared, purified, and analyzed
by PCR as described.
In the second approach, antibody was bound to protein A
agarose and SV40 chromatin (100–150 Al) bound to the
agarose as described above in the depletion analysis section.
Following washing of the immune complexes bound to
agarose as described above, the agarose was resuspended
in 250 Al TE buffer adjusted to reaction conditions with 1/10
volume of buffer A and divided into aliquots. One aliquot
was digested with BglI, one aliquot was digested with
NgoMIV, and one aliquot was left undigested. Following
incubation for 30 min at 37 jC, the immune complexes
bound to agarose in each of the aliquots were collected by
sedimentation at 3000 rpm and the DNA present in the
complexes isolated and purified as described.
Preparation of DNA for PCR
The competitor DNA used in these studies was obtained
from the recombinant SV40 virus pBM140-15 (Hermansen
et al., 1996) and contained a copy of the SV40 enhancer and
early region introduced into the polylinker of the con-structed reporter virus (Hermansen et al., 1996). Competitor
DNAwas obtained from BSC-1 cells infected for 48 h using
the Hirt technique (Hirt, 1967) and purified (Sambrook et
al., 1989). The concentration of competitor DNA used in
each study was empirically determined by mixing tenfold
serial dilutions of the competitor DNA with the test SV40
chromosomes and subjecting the mixture to competitive
PCR. The concentration of competitor was chosen, which
yielded products with the starting chromatin and immuno-
precipitated chromatin that could be quantitated by the
Molecular Analyst Software described below.
Samples were prepared for competitive PCR by phenol/
chloroform extraction followed by ethanol precipitation in
the presence of pellet paint co-precipitant (Novagen). Ap-
proximately equal aliquots of input SV40 chromatin (typi-
cally 25 Al diluted with 75 Al of Tris–EDTA to keep the
volumes identical) and protein A agarose eluates (100 Al)
were mixed with 100 Al of Tris–EDTA containing the
empirically determined appropriate amount of competitor
DNA and purified using phenol/chloroform. The aqueous
phase (120 Al) was added to a PCR tube that contained 2.75
Al of pellet paint co-precipitant and 12 Al of 3 M sodium
acetate, pH 5.2 (Novagen). The sample was mixed and 280
Al of ethanol added. Following a 5-min incubation at room
temperature, the samples were centrifuged at 12000 rpm for 5
min and the supernatant discarded. The samples were washed
with 70% ethanol, vortexed, incubated for 5 min, and then
centrifuged at 12000 rpm for 5 min. The supernatant was
again discarded and the samples dried in a vacuum. The
competitor DNAmixture was prepared as a large batch so that
all fractions received identical amounts of competitor DNA.
PCR amplifications
DNA was amplified from a region of the SV40 genome
located around nt2666 in a Perkin-Elmer Model 380
thermal cycler using Vent (exo) DNA polymerase (New
England Biolabs) or AmpliTaq Gold and the primers
5VAAAATGAAGATGGTGGGGAGAAGAACATG3V and
5VGACTCGAGGTGAAATTTGTGATGCTATTGC3V. A
master mix containing all of the required constituents
except template DNA and polymerase was prepared
according to the instructions supplied with the DNA
polymerase in advance and kept at 20 jC until required.
Immediately before use, the master mix was thawed and a
volume corresponding to 30 Al for each sample to be
amplified was removed to prepare a working mix. The
working mix was then prepared by adding the DNA
polymerase to the master mix in the ratio of 0.3 Al per
30 Al of master mix. Following thorough mixing, the 30
Al of working mix was added to each previously prepared
PCR tube containing a sample of template DNA to be
amplified. The tubes were gently vortexed to suspend the
pelleted DNA present in the tubes. When suspension was
complete, the samples were overlaid with two drops of
molecular biology grade mineral oil (Sigma). All previous
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cabinet Model NU-425-400. The samples were centrifuged
for 1 min at 14000 rpm in an Eppendorf microcentrifuge,
and PCR amplifications were hot started by heating the
tubes for 2 min and 30 s at 95 jC. The DNA was
amplified for 32–40 cycles with each cycle consisting of
annealing at 54 jC for 1 min, DNA synthesis at 72 jC for
1 min, and denaturation at 95 jC for 1 min.
DNA was amplified from a region around the SV40 pro-
moter using the primers 5VGCAAAGCTTTTTGCAAAA-
GCCTAGGCCT3V and 5VCGAACCTTAACGGAGGCCT-
GGCG3V using AmpliTaq Gold (Applied Biosystems). The
DNA was amplified as described above for 32–40 cycles
with each cycle consisting of annealing at 70 jC for 1 min,
DNA synthesis at 72 jC for 1 min, and denaturation at 95 jC
for 1 min.
Analysis of PCR amplification products
Following amplification of the DNA samples, the prod-
ucts were separated on 2.4% submerged agarose gels
(Sigma) by electrophoresis (Friez et al., 1999; Hermansen
et al., 1996; Milavetz, 2002). The separated products were
visualized by staining with ethidium bromide and electron-
ically photographed using a UVP GDS8000 Gel Documen-
tation System (Ultra Violet Products). For each sample, the
ratio of product derived from the immunoprecipitated chro-
matin to the product derived from competitor DNA was
determined by quantitation of the electronic photographs
using Molecular Analyst Software (Bio-Rad) and correcting
for the competitive PCR amplification. The percentage of
the input chromatin that was immunoprecipitated in a
sample was determined by normalizing the amount of
product to the competitor DNA and correcting for compet-
itive amplification according to the following equation: the
percentage of chromatin immunoprecipitated equals the
square root of the ratio of the input chromatin DNA to
competitor DNA divided by the ratio of the immunopreci-
pitated chromatin DNA to competitor DNA. The rationale
behind the competitive PCR assay and its quantitation has
been previously described (Milavetz, 2002). Data that have
been subjected to a statistical analysis are based upon the
results of at least three independent preparations of SV40
chromosomes and subsequent immunoprecipitations.Acknowledgment
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